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[57] ABSTRACT 
Disclosed is a method and apparatus for treatment of 
hypertrophy of the prostate gland. The apparatus com- 
prises an expansion catheter having an expandable tubu- 
lar stent associated therewith, adapted for transurethral 
insertion via the external opening of the urethra and 
placement within a stenotic region of the urethral lumen 
caused by a hypertrophied prostate gland. Force ex- 
terted by the expansion catheter upon the tubular ex- 
pandable stent causes an opening of the lumen within 
the prostatic urethra. Removal of the expansion cathe- 
ter, leaving in place the expanded tubular stent, ensures 
long-term patency of the urethral lumen. Also disclosed 
is an apparatus for reducing in diameter and thereafter 
removing a previously implanted and expanded tubular 
stent made and inserted in accordance with the present 
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fibrous and resilient hypertrophied prostate gland will 

MKTHOD AND APPARATUS FOR TREATING in a relatively short period of time cause the constric- 

HYPERTROPHY OF THE PROSTATE GLAND tion of the prostatic urethra to recur. Also in the angio- 
plasty arts, Palmaz, et al. have described the percutane- 

BACKGROUND OF THE INVENTION 5 ous, sheathed insertion of an expandable endoprosthesis 

The surgical treatment of hypertrophy of the prostate into various major arteries of dogs in the article "Ex- 

gland h^ teen a routine procedure* ii the operating p^le Intralummal Graft: A Prehnnnary Study" m 

room for many years. One method of surgical treatment the July 1985 issue of Radwbsr at page 73. 

is open prostectomy whereby an incision is made to In contrast to the failure of dilation means to achieve 

expose the enlarged prostate gland and the hypertro- 10 lasting relief of the symptoms of prostatic hyperplasia, 

phied tissue is removed under direct vision. Another the use of bougie, sound, and balloon dilation has 

method, which has gained increasing usage in recent achieved moderate success in the treatment of ureteral 

years, is transurethral resection. In this procedure, an strictures and non-prostatic urethral strictures. See, for 

instrument called a resectoscope is placed into the ex- example, the abstract entitled "Self Intermittent Dila- 

ternal opening of the urethra and an electrosurgjcal 15 tion Program via Coaxial Balloon Urethral Dilator" by 

loop is used to carve away sections of the prostate gland J. D. Giesy et al. published in the April, 1985 issue of 

from within the prostatic urethra under endoscopic the Journal of Urology. The contrasting lack of success 

vision. For an interesting historical survey of prostate achieved by dilation in the prostatic urethra is believed 

surgery see the book "Benign Prostatic Hypertrophy" to be a function of the differing etiology of the disease, 

edited by Frank Hinman, MJD. and particularly the 20 Strictures in the urethra outside of the prostate region 

chapter entitled "Prostectomy, Past and Present" by are generally due to pathology of the wall and lining of 

Geoffrey D. Chisholm, M.D. the urethra. Dilation of the urethral wall, in these stric- 

The technique of transurethral resection offers many mies> cau ses an enlargement of the urethral lumen 

benefits to the patient as compared to open prostec- through deformation of the urethral wall and lining. In 

tomy. Using this technique the trained urologist can 25 contrast, urethral stenosis resulting from prostatic hy- 

remove the hypertrophied prostate with less discom- pertrophy, is a disease of the enlarged, fibrous, and 

fort, a shorter hospital stay, and lower rates of mortality res ilient tissue of the prostate gland. Deformation of the 

and morbidity. Over 333,000 patients underwent this urethral wall will have no lasting effect on relieving the 

procedure in the United States in 1985, with an average ^ the cause of the stenosis is pressure exerted 

length of stay in the hospital of six days. 30 ^ hypertrophied prostate gland which, due to its 

Notwithstanding the significant improvement m pa- fibrQus stnlcture and large bmk> will tend to 

tient care resultmg from the widespread application of rebound ^ , compression, 

transurethnd resection, tiiere remams a need for ate ^portant that a method for prostate dilatation, in 

invasive method of treating the symptoms of Potato {^effective, incorporate means of maintaining 

struction, urethral stricture, and retrograde ejaculation ' 

may affect the patient following transurethral resection. procedures m oiaa w mainuuu m mm y 

A less invasive procedure which would reduce or elimi- SUMMARY OF THE INVENTION 

T££^1&Z2^&S& 40 ^pre^ntrnventionprovidesamethodofrelieving 

cant vahlr the urinary retention symptomatic of hypertrophy of 

One of the earliest applied methods of relieving the fheprostate gland which requires Utile ,or ^ ^pital- 

acute urinary retention symptomatic of prostate disease *f on, and which is unattended by the adverse suie 

was the placement of a catheter through the external- 45 effects associated with transurethral resection and otter 

urethra opening into the bladder thereby allowing the surgical techniques In addition, tiie present myention 

outflow of urine from the bladder by way of the cathe- Provides a method for dilatation of the prostatic urethra 

ter lumen. These urinary catheters typically employ a which will insure long term patency of the urethral 

balloon at the tip which, when inflated, prevent the lumen. 

expulsion of the catheter from the body. Although this 50 Thus, there has been provided in accordance with 
method is effective in achieving urinary outflow, it is one aspect of the present invention a method for treat- 
generally unacceptable as a long term treatment due to m S hypertrophy of the prostate gland, which comprises 
problems of infection, interference with sexual activity, the steps of transurethrally inserting and positioning a 
and maintenance and change of catheters. dilatation means having an expandable tubular stent 
The use of dilating bougies and sounds for mechani- 55 associated therewith within a restricted portion of the 
cal dilation of the prostatic urethra has been attempted urethra and dilating the stent with said dilatation means 
without success in the treatment of prostatic hypertro- to a predetermined maximum external diameter and 
phy. The fibrous tissue of the prostate gland rebounds configuration. The exterior configuration of the appara- 
after dilation, resulting in only a temporary reduction of tus of the present invention enables insertion thereof 
urethral constriction. A method of treating prostate 60 without the use of a sheath, and with the tubular stent 
disease involving the application of balloon dilatation in substantially totally exposed to the wall of the urethra, 
a similar manner as in percutaneous transluminal angio- Preferably, dilation of the stent and consequent dilation 
plasty of arterial occlusions has been proposed in an of the surrounding restricted portion of the urethral 
article in the September 1984 issue of Radiology, page lumen is effected at least to the extent that it euminates 
655 entitled "Prostatic Hyperplasia: Radiological Inter- 65 the stenosis. Thereafter, the dilatation means is returned 
vention" by H. Joachim Burhenne, M.D., et al. This to its undilated state and withdrawn through the lumen 
method of prostate dilatation can be expected to have of the dilated tubular stent, leaving the dilated tubular 
only a short term alleviation of urinary retention as the stent within the previously restricted portion of the 
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urethra, thereby restoring patency to the prostatic ure- uniform cross-sectional area throughout it axial length, 

thral lumen. Visualization of the placement step may be i n another embodiment, the stent comprises a smaller 

accomplished through the use of a radiopaque dye, in cross-sectional area at its axial ends than in the central 

accordance with known techniques. Radiopaque mark- reg j on thereof. In addition, the axial end regions of the 

ers on the catheter and radiopacity of the graft are also 5 ^ com rise a flexible material, or may taper in 

used to make the devices raiographically visible. ± ^ ±e transition 

An additional aspect of the method of the present „ , , , . . . 

invention comprises Ae steps of reinserting a dilatation &°m the lumen of the stent to the lumen of the urethra, 

apparatus into the external opening of the urethra, posi- Further objects, features and advantages of the pres- 

tioning the dilation apparatus coaxially within a previ- 10 ent invention will become apparent from the detailed 

ously positioned and dilated tubular stent, expanding description of preferred embodiments which follows, 

the dilatation apparatus, and thereafter reducing the when considered together with the attached Figures. 

t^SS^i^^^^ BRIEF DESCRIPTION OF THE DRAWINGS 
cordingly, an expandable tubular stent inserted in accor- 15 pjQ j j s a perspective view of an apparatus accord- 
dance with the method of the present invention may, at ^ tQ the nt mvention) ^th the tubu]ar stent m an 
a later time, be further dilated or redilated unexpanded state. 

I^^TLli^pS^^ FI G . 2 isaschematicdeta.viewofth e dista,e n dof 

tioned stent. Removal is accomplished by transurethral 20 *» «PP«r»t» according to the present invention, with 

insertion of a removal instrument comprising a first and the tubular stent m unexpanded state, 

second attachment means wherein the attachment FIG. 3 is a cross-sectional view taken along the line 

means are axially spaced apart and are adapted to releas- 3 — 3 in FIG. 2. 

ably engage the corresponding first and second axial FIG. 4 is an enlarged, perspective view of the distal 

ends of the stent Once engaged, a force is applied to 25 end 0 f an apparatus in accordance with the present 

cause an axial elongation of the stent, and consequent invention. 

reduction in diameter. Thereafter, the instrument and pj G s js a perS p ectivei sectional view of the distal 

the radially reduced stent attached thereto may be re- end Qf m ^ ^ accordance witn the t 

moved. 1 ti 

In accordance with another aspect of the present 30 m ^" lon ." .„ . .. t . ' . . „ 

invention there has been provided an apparatus for the FIG. 6 illustrates one embodiment of the side wall 

treatment of prostatic hypertrophy comprising an ex- pattern of a tubular stent according to the present inven- 

pansion catheter having an expandable tubular stent tion. 

associated therewith. The catheter comprises a radially FIG. 7 is a cross-sectional view of a tubular stent of 

expandable region near the distal end thereof which, in 35 the present invention expanded to a configuration hav- 

its unexpanded state, has an outer diameter that is mg a non-circular cross section, 

smaller than the outer diameter of the adjacent region of pjQ g illustrates a modification of the side wall pat- 

the catheter. Thus, the collapsed expandable region tern moated m FIG 6 

forms the bottom of an annular depression about the mG 9k& perspect j ve ^ of ano ther embodiment 

"TtaSent is removably, coaxially disposed about the ^ ° f *» ^ catheter ******* to the P resent raven - 

expandable region of the catheter and within the annu- tion. 

lar depression formed therearound, and is controUably FIG. 10 is a detailed perspective view of the distal 

radially outwardly expandable in response to pressure end of the apparatus in FIG. 9. 

from the expandable region of the catheter. When the 45 FIG. 11 is an elevational, sectional view of the appa- 

stent is coaxially disposed about the expandable region ratus in FIG. 10. 

of the catheter, and in an unexpanded state, the outer FIG. 12 is a perspective view of a removal apparatus 

diameter of the unexpanded stent is approximately the according to the present invention, 

same as or less than the outer diameter of the adjacent mG 13 k a sect ional view of the removal apparatus 

region of the catheter. Preferably, the distal end of the 50 f nG u ^n, m expanded tubular stent, 

catheter comprises a flexible, resilient material in a 01 ™ ' " eB ^2™ 1 J**TJ ~ \ ^jTZ n „^ K 

shape to facilitate insertion into and negotiation of a ™- 14 » a sectional v,ew of the removal appara us 

colkpsed lumen with minimal trauma to the lining <* FIG. 13, following axial elongation of the tubular 

thereof. stent - 

A further aspect of the present invention provides a 55 FIG. 15 is a simplified schematic view of the appara- 

radially outwardly expandable tubular stent for restor- tus of the present invention shown in FIG. 1, with a 

ing patency to a collapsed portion of the urethral lumen. generally convex balloon and corresponding tubular 

Preferably, the stent comprises a material that is com- s t en t illustrated in the expanded state, 

patible with the urethral environment, and is capable of -piG. 16 is a simplified sectional view of the region of 

remaining in its expanded state following removal of the 60 the male , vis show in g t he urethra, prostate gland and 

expansion catheter described above, thereby holding bladder 

^TL 0 / JS^^XS^KK FIG. 17 is the sectional view of FIG. 16, illustrating 

sure, such as that exerted by a hypertropnied prostate . . ... , 

gland. The cross section of the expanded stent may be 311 expanded stent of the present invention within the 

circular, or may also be a non-circular configuration 65 prostatic urethra. 

which more closely corresponds to the shape of the FIG. 18 is the sectional view of FIG. 16, illustrating 

normal lumen within the urethra. One embodiment of another embodiment of the expanded stent of the pres- 

the stent in its expanded state comprises a substantially ent invention within the prostatic urethra. 
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region 15 where it forms balloon 8 and is permitted to 

DETAILED DESCRIPTION OF PREFERRED expand. 

EMBODIMENTS Introduction of pressurized fluid into the interior 7 of 
Expansion Catheter of FIGS. 1-5 balloon 8 by way of inflation lumen 5 causes radial 
r j expansion of the balloon 8, which m turn causes a radial 
Referring to FIGS. 1-5 there is illustrated an expan- expans ion of the stent 18 disposed concentrically there- 
sion catheter 1 according to the present invention, Once expanded by inflating the balloon 8, the 
which in this embodiment comprises a balloon catheter, j nner diameter of the central lumen 19 through ex- 
having an axially elongate, catheter shaft 2. The proxi- pan ded stent 18 is greater than the outer diameter of the 
mal, control end of the catheter 1 may be equipped as 10 catheter shaft 2 in the region between the annular de- 
would be the control end of known angioplasty balloon pre ssion 15 and the distal end of the catheter 1, includ- 
catheters such as that disclosed in U.S. Pat. No. - m g shoulder 17. Thus, following deflation of the bal- 
4,573,470 to Samson, et al. The embodiment of the pres- 8, the catheter 1 may be withdrawn through the 
ent invention illustrated in FIG. 1 has an inflation port central lumen 19 of stent 18 leaving the expanded stent 
3 and optimally a distinct vent port 4, each in fluid 15 18 in place within the prostatic urethra, as will be de- 
communication, respectively, with an inflation lumen 5 tailed infra in connection with the method of the present 
and a vent lumen 6 (illustrated in FIG. 3) extending invention. 

axially through the catheter. Inflation lumen 5 is in fluid The outer diameter of the catheter is preferably mini- 
communication at the distal end thereof with the inte- mized, to facilitate insertion and to avoid side effects 
rior 7 of an expandable balloon 8 by means of at least 20 and complications resulting from stretching of the ure- 
one inflation duct 9 through the wall 10 of the catheter thra. There may be provided in accordance with the 
proximal lumen 5 and adjacent the interior surface of present invention a graduated set of graft-catheter sys- 
balloon 8. Similarly, vent lumen 6 is in fluid communi- terns with different sizes to suit individual patient re- 
cation with the interior 7 of balloon 8 by means of at quirements. 

least one vent duct 11, proximal to inflation duct 9. At 25 The catheter may be provided with a flexible, resil- 

the commencement of filling the balloon, any air in the ient catheter tip 20 at the distal end thereof. The tip 20 

lumen 5, 6 or in the interior 7 of balloon 8 will be chased is preferably formed with a tapered or rounded configu- 

out of vent port 4, which may then be sealed by a stop- ration to niinimize damage to the urethral lining and 

cock or other means (not Ulmtrated). * ease * . insertion of the catheter into the col- 

A third lumen 12 may be provided for receiving a 30 la P sed lumen of the a** 0 "- 

radiopaque dye introduced by way of dye port 14 at the Expansion Catheter of FIGS. 9-11 

proximal end thereof. A gmdewire 13 may also be in- f emb(jdiment rf m ion catheter ac . 

serted through dye port 14 and lumen 12- ^ ^ t mvcatioa h mustrat ed in FIGS. 

Near the chstal functional end of the catheter a re- £ embodiment, there is provided an elongate 

^<at^cB^^2 at ^^^^to £ ' elastic p sheath 21 dispo s sed 

provide an annular depression 15 defined axially by a therearound ^ shaft comprises an elongate sleeve 22 

proxmial annular shoulder 16 and a distal annular shoul- Me ^ thereof Rota{ . 

der 17 on catheter shaft 2. The axial length of the annu- foiled within the sleeve 22 is an elongate shaft 

lar depression preferably corresponds to the desired ^ M y . ft mgie thread ^ for engaging the female 

length of a stent 18 to be inserted in a given application. thj . ead a Qa s , eeye 2Z ^ q^^^ regio „ ( illustrated 

Referring to FIG. 3, there is disposed concentrically fa FI& llnearthe distal ends of shaft 24 and sleeve 22, 

about the reduced catheter wall 10 and at .the radially extends m an axial direction for a sufficient distance to 

inward most region of the annular depression 15, annu- ^ the expans i 0 n member 32 to be fully drawn into 

lar inflatable balloon 8 in fluid communication with said 4j thg conical space 34 35 wi u become apparent. In the 

inflation lumen 5 by way of duct 9. An expandable, iu ustra ted embodiment, a first knob 26 is rigidly secured 

tubular stent 18 having a central lumen 19 therethrough tQ the proximal end Q f shaft 24, and a second knob 27 is 

(illustrated in FIG. 7), discussed infra, is coaxially dis- secU red to the proximal end of sleeve 22. 

posed about the balloon 8. A plurality of axially oriented floating segments or 

The expansion catheter 1 of the present invention is 5Q t ^ 2 8 are movably disposed distal to the end of sleeve 

designed so that the outer, substantially cylindrical pro- 22. The exterior surfaces 29 of the tines 28 are held in 

file of the catheter is uninterrupted by the presence of p j ace by the elastic sheath 21 and cooperate to form a 

the expandable stent 18, in its unexpanded state. Ac- generally cylindrical exterior profile, for receiving an 

cordingly, in the case of a balloon catheter, the outer unexpanded tubular stent 18. The radial thickness of the 

diameter of the collapsed balloon 8 is smaller than the 55 tines 28 tapers from the thickest dimension near the 

outer diameter of shoulders 16, 17 of the adjacent cathe- proximal end 30 of tine 28 to the thinnest dimension 

ter shaft 2, so that the collapsed balloon 8 only partially ae8I the distal end 31 of tine 28, thereby defining a 

fills the annular depression 15 formed between the an- roughly cone-shaped interior space 34. 

nular shoulders 16, 17, in the radial direction. The unex- a cone-shaped expansion member 32 is attached by 

panded stent 18 is disposed coaxially about balloon 8 60 its pointed end to elongate shaft 24. Rotation of knob 26 

and between shoulders 16 and 17 such that the stent 18 in a first direction relative to knob 27 draws elongate 

and adjacent catheter shaft 2 comprise a substantially shaft 24 axially in a proximal direction, moving expan- 

cylindrical configuration. This configuration enables sion member 32 into the cone-shaped space 34 formed 

insertion of the apparatus without the need for a sheath. by the tines 28. Further rotation of knob 26 in a first 

The material of the balloon 8 is in the form of a tubu- 65 direction relative to knob 27 results in expansion mem- 

lar sleeve which extends the length of the catheter 1 and ber 32 effecting a radial outward expansion of tines 28, 

is adhered to the wall of the catheter shaft 2 proximal to which in turn causes a radial outward expansion of the 

shoulder 16 and distal to shoulder 17 but not in the expandable stent 18. Rotating the knob 26 in the reverse 
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relative direction causes expansion member 32 to back of passages therethrough, as best illustrated in FIGS. 6, 

out of the space 34. The resilient nature of the elastic 7 and 8, which depict wall patterns as they might appear 

sheath 21 causes tines 28 to return back to their unex- if the wall of the stent 18 were rolled out flat. In FIG. 

panded configuration, when permitted by movement of 6, a first plurality of parallel filaments 50 are aligned at 

member 32 in a distal direction. The tubular elastic 5 a diagonal to a second plurality of parallel filaments 51, 

sheath 21 extends beyond the end of expansion member all formed from a single piece of material to yield a 

32 at which point it merges with an integrally formed diamond pattern having a plurality of diamond shaped 

blunt end 33. As illustrated in FIG. 11, the outer diame- openings 52 therethrough. This configuration of the 

ter of blunt end 33 and of the sheath 21 proximal to stent filaments 50 and 51 permits radial outward deformation 

18 are slightly enlarged so that the exterior configura- 10 of the tubular stent 18 in response to a radial outward 

tion of the expansion catheter, with the stent mounted force exerted by the expansion catheter 1 of the present 

thereon is substantially uniform and generally smooth invention. Construction of the stent from a malleable, 

along its axial length. biologically compatible metal such as titanium, or other 

Stent Removal Apparatus , , ^^rifls discussed infra permits the stent 18 to hold its 

HV 15 expanded configuration under stress exerted by, for 

Another aspect of the present invention provides an example, a hypertrophied prostate gland, thereby main- 
apparatus for removing a previously positioned and taming patency in an otherwise stenotic or occluded 
expanded stent, under direct endoscopic vision. Refer- lumen. In addition, orientation of filaments 50 and 51 is 
ring to FIGS. 12-14, the apparatus comprises a catheter such that forces exerted upon the axial ends 38, 39 of an 
shaft 35, having proximal and distal attachment means 20 expanded tubular stent 18 in opposite axial directions 
36, 37 attached thereto and adapted to engage the corre- wfll effect an axial elongation of the stent 18 and a con- 
sponding proximal and distal ends 38, 39 of the im- sequent reduction in the diameter thereof, 
planted stent. The attachment means are capable of A variation of the wall pattern of FIG. 6 is illustrated 
movement, relative to each other, along the axial direc- in FIG. 8, wherein the roughly diamond shaped open- 
tion of the removal instrument. 25 ings become smaller near the axial ends of the stent 18. 

In the illustrated embodiment, the proximal attach- This configuration facilitates greater expansion in the 

ment means 36 comprises a plurality of tines 40, inclined central region 64 thereof, and, like the pattern in FIG. 6, 

in the proximal direction and mounted to a sleeve 41 permits the expanded stent 18 to be reduced in diameter 

which extends the length of the catheter shaft 35. A first by applying an axially elongating force thereto, 

knob 42 is secured to the proximal end of sleeve 41, in 30 The ratio of solid wall area to the total area of the 

proximity with a second knob 43 attached to the proxi- opening therethrough is relatively low. This minimizes 

mal end of an elongate shaft 44 which extends through contact area between the material of the stent and the 

sleeve 41. The interior surface of sleeve 41 may be pro- lining of the lumen, may improve the expansion charac- 

vided with a female thread for engaging a male thread teristics of the stent, and minimizes interference with 

on the shaft 44, in the manner illustrated in FIG. 11, 35 vessels entering the urethral lumen from the side, such 

illustrating an expansion catheter of the present inven- as the prostatic ducts, and the terminal portion of the 

tion. The important relationship is that the shaft 44 is ductus deferens, which traverses the prostate to empty 

capable of reciprocating movement within the sleeve into the urethra. In addition, the transverse openings 

41, as will become apparent through the wall of the stent may promote tissue in- 

The distal attachment means 37 comprises a ring 45 40 growth thereby minimizing encrustation of the filament 

which is rotatably attached near the distal end of shaft portions 50 and 51, of the stent by dissolved minerals, 

44 by engaging an annular groove on said shaft 44 or and reducing the risk of migration of the stent in the 

other conventional means. A plurality of tines 46 are direction of the bladder. 

attached to the ring 45, said tines 46 radiating outward Optimally, the wall thickness of any given stent will 
and inclined in a distal direction. 45 be substantially uniform throughout, however, in one 
An outer sheath 47 is slidably mounted on the outside embodiment of the present invention, the wall is thinner 
of sleeve 41. The interior lumen of sheath 47 is flared at in the central region 64. The thickness of the stent wall 
the distal end 48 thereof so that the sheath 47 may be as measured in the radial direction may be different in 
slid down over tines 40, causing them to resiliently bend different stents in order to permit a greater or lesser area 
radially inwardly yet remain inclined in the proximal 50 of transverse openings therethrough, while maintaining 
direction. To help ensure that the tines 40 are not bent structural integrity of the stent. It is important that the 
towards the distal direction by the sheath 47, the outer stent 18 be capable of withstanding the constant radially 
surface of tines 40 may be provided with a rounded inward directed force exerted by a hypertrophied pros- 
edge 49. The mechanical features of the removal instru- tate gland. 

ment will be made more clear by reference to the dis- 55 The axial length of the stent 18 should be sufficient 

cussion of the method of removing an implanted stent, that pressure exerted by the hypertrophied prostate 

infra. cannot cause stenosis of the lumen beyond the axial ends 

Expandable Tubular Stent * ereof ' le ° gth of J the T wiU often b f from about 

cApaiiuaoic lUDUiar oiciu j ^ tQ abou{ 4 cffl> depending upo „ the i ocation and 

Referring to FIG. 4, there is illustrated a radially 60 extent of the hypertrophy or hyperplasia, is preferably 
expandable tubular stent 18 according to the present from about 1.5 to about 3.0 cm in length and most pref- 
invention, the stent being illustrated in its unexpanded, erably is about 2.4 cm in length, which is the average 
substantially cylindrical configuration and mounted on approximate length of the prostatic urethra, 
a balloon catheter. The wall thickness of the stent is Preferably the stent of the present invention will be 
advantageously from about 0.003 to about 0.06 inches, 65 made using a biocompatible material, either throughout, 
preferably is from about 0.005 to about 0.025 inches, and or in the form of a coating over the stent, which will 
more preferably is from about 0.008 to about 0.012 improve its compatibility with the physiological and 
inches. The wall of the stent is formed with a plurality chemical environment within the urethral lumen. For 
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example, the stent will be exposed to urine having a pH the native prostatic urethra, and may permit normal 

in the range of from about 4.5 to 8, a relatively wide contractions of the prostate gland, 

variation compared to other body fluids such as blood, According to another embodiment of the stent 18 of 

wh£h generally has a P H of about 7.4. The coating may the present invention, the axial . end Iremons 38, 39 of he 

be a picric or polymeric material, such as a fluoropoly- 5 stent 18 are softer or more flexible than the region u Uhe 

mer, for example polytetrafluoroethylene, or preferably center of the toTe wTof 

SSJSSSi * nature. It is believed that a „ may be formed wtti , a 



smooth surface would tha~> f en ™° n form a sectional view of the male pelvic region, show- 

stent A surfactant or ^^^^.f^ u tag the bladder 59, an enlarged or hypertrophied pros- 

geously be affixed to the surface of the stent, for further ^ a stenosis ft of ^ prostatic ^ 

reducing encrustation thereof. ^ fi2 ^ ^ mterior of the prostatic 

The maximum expanded diameter of the « M fi2 ^ becQme than the mterior diame- 

likely be within the range of from about 10 mm to about ^ q{ ^ rostatic urBthn( ,3. 

14 mm or greater. This range refers to the largest cros- ^ Referrifl next tQ nG 17> ^ere ^ mustrate d an ex- 

ssectional dimension in the case of stents which are ed ^ lg ^ prostatic m-g^ 62 , having 

enlarged to a configuration havmg a non-circular cross £ substantially uniform cross section throughout the 

section or a non-cylindrical profile. Depending upon its ^section M thereof, and a radially inwardly directed 

construction material and physical design, a given stent ^ neaf {he ^ ends 3g ^ 39 ^ expan ded state 

may be expanded within an optimal range, which may 2J diameter of the st ent 18 is slightly exaggerated for illus- 

be less than the overall ranges indicated above. tration. Referring to FIG. 18, there is illustrated an 

The stent 18 of the present invention may be ex- expan ded stent 18 in position within the prostatic ure- 

panded from a first unexpanded configuration to a thra 62 navmg a generally convex exterior configura- 

second, expanded state having a substantially uniform tion throughout its axial length. In this latter preferred 

cross section throughout the axial length thereof, or to 3Q state configuration, the resilient force exerted 

a configuration having a greater cross-sectional area in by , he prostate gland 60 acts in cooperation with the 

the central region than in the regions near the axial ends generally convex stent 18 to nunimize the likelihood of 

thereof. This latter configuration is achieved, for exam- migration of stent 18 into the interior of bladder 59, or 

pie, by a mechanical design of the stent 18 which per- mt0 th e urethra 63 downstream of the prostatic urethra 

mits greater expansion in the central region, such as by 35 <£. 

slotting with greater frequency in the case of a mallea- A ma iieable metal stent according to the present 

ble metal stent, or by choice of a material for the central invention, comprising, for example, titanium, may be 

region of the stent having greater expansion abilities manufactured by first machining titanium tube or sheet 

than a different material incorporated into the axial end stock to the desired wall thickness, generally in the 

regions 38 and 39. For example, the sidewall pattern 40 rang e of from about 0.004 to about 0.05 inches, and then 

illustrated in FIG. 8 would permit greater radial expan- cutting or etching the wall pattern thereon, such as one 

sion near the center than at the axial ends. Alterna- c f those patterns illustrated in FIGS. 6, or 8. The cut- 

tively, graduated wall thicknesses on a stent of uniform ting may advantageously be accomplished using a laser 

composition could be employed. Preferably, however, system, such as a Koppers Laser System marketed by 

the configuration of the expanded stent 18 corresponds 45 the Laser Systems Division of Koppers Company, Inc., 

to the expanded shape of the balloon 8 used to accom- 0 f Westminster, Md. Tube stock may be laser cut on a 

plish its expansion. Thus, the catheter 1 of the present revolving mandrel, whereas sheetstock may be laser cut 

invention may be provided with balloons 8 having a m sheet form and subsequently rolled into tubular form, 

variety of fully inflated profiles, for example, cylindri- welded, and polished, 
cal, concave, convex, or frusto-conical, to suit any of a 51 
variety of clinical indications. FIGS. 15 and 18, for 
example, illustrates a stent that has been expanded by a 

balloon having a convex profile. In accordance with the insertion method of the pres- 

In the embodiment illustrated in FIGS. 15 and 18, ent invention, a dilation means 1 having a suitable ex- 
migration of the stent 18 is minimized due to the restric- 55 pandable stent 18 associated therewith is selected and 
five forces caused by the normal tissue in the area of the then transurethrally positioned within the prostatic 
bladder neck. The enlarged midsection 64 of the stent urethra 62 by way of the external opening 65 of the 
18 would be unable to pass through the restricted neck urethra 63. The positioning step may advantageously be 
of the bladder because any forces tending to cause mi- accompanied by or preceded by the introduction of a 
gration would generally be insufficient to force a stent 60 radiopaque dye through dye port 14, from which it will 
of this configuration axially through the urethra. For be conducted via lumen 12 through the catheter 1 to the 
similar reasons, migration of the stent away from the area of stenosis 61, to enable visualization thereof. The 
bladder would also be minimized. positioning step may also advantageously be preceded 

In addition, the stent is advantageously expanded to by coating the catheter 1 and stent 18 disposed thereon 

have an oval or otherwise non-circular cross-sectional 65 with a water soluble surgical jelly or other lubricant, 

area, such as that illustrated in FIG. 7. The stent is such as Surgilube ®, a sterile, bacterio-static surgical 

advantageously expanded to have a configuration lubricant, available from E. Fougera & Co., Melville, 

which closely approximates the cross-sectional shape of N.Y. Positioning may also be accomplished with the use 
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of a guidewire 13, in accordance with known catheter- stent 18 may be directly visually observed. Under direct 
ization techniques. observation, the removal instrument is positioned coaxi- 
With the balloon catheter 1 in position, a pressurized ally within the prepositioned stent 18 by way of the 
fluid is introduced into inflation port 3 which, by way of operating channel of the urethroscope. During this 
lumen 5 and inflation duct 9 enters the balloon 8. Vent 5 positioning step, the sheath 47 is slid axially in a distal 
port 4 may be vented until ail air has been purged, at direction to cover distal attachment means 37. When 
which time it is sealed by closing a stopcock or other both attachment means 36 and 37 are positioned within 
conventional means. Inflation of the balloon 8 causes the lumen 19 of an expanded stent 18, the sheath 47 is 
radial expansion of the expandable stent 18 and also axially retracted, exposing said attachment means 36 
dilation of the surrounding lumen against the pressure 10 ^ 37. The tines 40 and 46 resiliency bend in a radial 
exerted by the hypertrophied prostate gland 60. The outward direction in the absence of sheath 47, until they 
radially expandable stent 18 is advantageously dilated reac ij approximately a diagonal as illustrated in FIG. 13. 
sufficiently that the inside diameter of the lumen 19 M shaft 44 is extended, e.g. by rotating knob 43 
therethrough exceeds the outer diameter of the region whfle 42 & held stationary, the proximal tines 40 
of the catheter between the annular depression 15 15 ^1 engage th e proximal en d 38 of the stent 18 by ex- 
adapted to receive the undilated stent 18 and the distal tending through the openings 52 or 58 illustrated in 
tip 20 of the catheter 1, so that the catheter 1 may be mGS 6 and 7. In a similar manner, the distal attach- 
withdrawn through the lumen 19 of the expanded stent ment means 3? Js caused to the distal end 39 of 
18 leavmg said stent 18 m place within the prostatic ^ stent lfJ ^ attachment means are thereafter 



urethra. . 20 moved further apart in an axial direction, causing au 

By varying the configuration of the balloon 8 m the ^ d tion of ^ stent 18 . Due to the 

case of a balloon catheter, as previously discussed, the oonfi J on of the side ^ of ^ stent 18> a reduc . 

^ULr y ,,rL^™ tLTt * ™« "rin tion m the «*» ° f the stent 18 results " °° ce suffi- 

substantially circular cross section, or a cross section . ., . . . ,. , lt , „, . ... .. . ,, 

that more closely adheres to the natural configuration 25 f lently redu ° ed » ^ sh ' ath f » dista ? v 

of the normal lumen inside the urethra. t0 ™? 1 b ° th a " achmen 0 t mean * 36 and 37 - bavnig the 

Following dilation of the intraluminal stent 18, the rad f * -duced stent 18 attached therebetween. The 

dilating catheter 1 may be reduced in diameter by ex- urethroscope ™* the removal instrument, having the 

hausting the pressurizing fluid under any contractile Ungated stent 18 still engaged, may thereafter be tran- 

force of the balloon 8 and then evacuating the contents 30 surethraUy withdrawn. 

of the balloon 8 by way of inflation port 3. The appara- Although this invention has been described m terms 
tus may then be withdrawn through the lumen 19 of of certam preferred embodiments, other embodiments 
stent 18, leaving the expanded stent 18 in place within that ^ e ^parent to those of ordinary skill in the art are 
the prostatic urethra 62, illustrated in FIGS. 17 and 18. ^ the sco P e of invention. Accordingly, the 
35 scope of the invention is intended to be defined only by 
Method for Subsequent Dilation of Expandable reference to the appended claims. 
Tubular Stent What is claimed is: 
The apparatus 1 may at a later time be reinserted, via 1 - A method for treating hypertrophy of the prostate 
the external opening 65 of the urethra 63, should it S ,and - comprising the steps of: 
become necessary to further increase the diameter of 40 positioning a dilation means having an expandable 
the stent 18 within urethral lumen 62 or to redilate the tubular stent associated therewith within the pros- 
expandable stent 18. According to this aspect of the tatic urethra; said dilation means comprising a cath- 
process of the present invention, a previously posi- eter having a circumferential recess thereon in 
tioned and dilated stent 18 is fluoroscopically visualized which an expandable balloon is mounted, wherein 
in accordance with known techniques. An appropriate 45 said stent is positioned over said balloon in said 
catheter 1 having a balloon 8 with the desired inflated recess, and wherein said positioning step includes 
state configuration is selected, transurethral^ inserted protecting the urethral lining from damage by min- 
as discussed supra, and positioned with the deflated imizing sliding contact with said stent by raaintain- 
balloon 8 coaxially disposed within the prepositioned, 'ng said stent in said recess during said positioning; 
expanded stent 18. For this purpose, the catheter 1 may 50 dilating the expandable tubular stent with said dila- 
be provided with one or more radiopaque markers 66 tion means to deform said stent, to expand the 
for visualization of the location of the balloon 8. The prostatic urethra, and to maintain such expansion 
balloon 8 is then inflated, re-expanding, further expand- against radial inward forces generated by said pros- 
ing, or altering the configuration of the stent 18. There- tate; 

after, the balloon 8 may be deflated, and the catheter 1 55 restoring said dilation means to its substantially unex- 

is withdrawn, leaving the re-expanded stent 18 within panded state; and 

the prostatic urethra 62. removing said dilation means and leaving the dilated 

, , „ „ . „„ „ . tubular stent within the urethra. 

Method for Removal of Expanded Tubular Stent 2 . A method as in claim 1, wherein said positioning 

In yet a further aspect of the process of the present 60 step comprises the transluminal insertion of said dilation 

invention, a prepositioned stent 18 may be removed means, by way of the external opening of the urethra, 

through the use of a removal instrument equipped such without the use of a sheath. 

as that illustrated in FIG. 12 with attachment means 36 3. A method as in claim 1, further comprising the step 
and 37, described supra, and adapted for insertion of introducing a radiopaque dye for fluoroscopic visual- 
through the operating channel of a urethroscope or 65 ization. 

cystoscope. The urethroscope is transurethrally in- 4. A method as in claim 1, further comprising the 

serted, by way of the external opening 65 of the urethra initial step of selecting a balloon catheter having an 

63, and positioned such that the previously positioned expanded configuration of the balloon corresponding to 
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the interior configuration of the native prostatic ure- 
thra, prior to stenosis by prostatic hypertrophy. 

5. A method as in claim 1, wherein said stent com- 
prises a biologically inert material. 
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6. A method as in claim 1, wherein the radial dilation 5 pertrophy of the prostate g 



totally exposed to the wall of the urethra, without 
the use of a sheath, and with said stent substantially 
totally exposed to the wall of the urethra. 
IS. An apparatus for relieving the symptoms of hy- 



of said stent results in a substantially uniform c 
tional area along its axial length. 

7. A method as in claim 1, wherein said stent is out- 
wardly radially expanded to a greater final cross-sec- 
tional area in a central region than at the axial ends 10 
thereof. 

8. A method as in claim 7, wherein said stent in its 
expanded state comprises a non-circular cross section. 

9. A method as in claim 2, further comprising an 
initial step of inserting a guidewire prior to the tran- 15 
sluminal insertion of said dilation means. 

10. The method of claim 1, wherein the diameter of 
said catheter on either side of said recess is at least about 
as great as the unexpanded diameter of said stent. 

11. The method of claim 10, wherein said catheter 20 
and said unexpanded stent mounted thereon together 
form a substantially cylindrical configuration. 

12. A method as in claim 1, further comprising the 



axially elongate catheter shaft; 
an expandable region on said shaft disposed near the 

distal end of said shaft; 
a removably mounted, radially outwardly expandable 
tubular stent disposed on top of said expandable 
region and adapted for insertion into the prostatic 
urethra; and 

means on said catheter shaft for protecting the ure- 
thral lining from damage due to sliding contact 
with said stent, said protecting means comprising at 
least one circumferential shoulder on said catheter 
abutting said stent and said expandable region, the 
diameter of said shoulder being at least as great as 
the diameter of said stent so that said stent does not 
extend radially beyond said shoulder, wherein said 
stent is radially expandable by deformation thereof 
to a preselected stable configuration in response to 
pressure from said expandable region on said shaft. 
16. An apparatus for relieving the symptoms of hy- 



steps prior to said positioning step of: 
providing a plurality of balloon catheters having 25 ^^ZfZTZZ^tZT SZZZ* 
different .TnanH^ confisuratinn*. a nd pertrophy of &e prostate gland, comprising: 

an axially elongate catheter shaft comprising at least 
one lumen therethrough and having an annular 
recess thereon for receiving a stent; 
an expandable balloon mounted on said shaft in said* 
recess and in communication with said lumen; and 
a removably mounted, radially outwardly deform- 
able and expandable tubular stent coaxially dis- 
posed about said balloon and situated in said recess, 
wherein said stent has an opening at each axial end 
and a central lumen therethrough, 
wherein said stent is radially expandable by deforma- 
tion to a preselected configuration in response to 
pressure from said balloon, and the outside diame- 
ter of the stent, in its unexpanded state, is not sub- 
stantially greater than the outside diameter of the 
adjacent catheter shaft. 

17. An apparatus for relieving symptoms of hypertro- 
phy of the prostate gland, comprising: 

an axially elongate catheter shaft having at least one 
lumen therethrough and having a circumferential 
recess near one end thereof; 
an expandable balloon mounted on said shaft in said 

recess and in communication with said lumen; 
a removably-mounted, radially outwardly expand- 
able tubular stent coaxially disposed about said 
balloon, said stent having an opening at each end 
and a central lumen therethrough; 
wherein said stent is radially expandable by deforma- 
tion thereof to a preselected configuration in re- 
sponse to pressure from said balloon, and wherein 
the outside diameter of the stent, in its unexpanded 
state, is not substantially greater than the outside 
diameter of the adjacent catheter. 

18. An apparatus as in claim 17, wherein said balloon 
in its expanded state, has a non-cylindrical configura- 



_ landed configurations, and 
selecting said dilation means from among said balloon 
catheters. 

13. The method of claim 12, further comprising the 
steps after said removing step of repeating the provid- 30 
ing, selecting, positioning, dilating, restoring and re- 
moving steps of claim 39, wherein the balloon catheter 
selected in said repeated steps has a different expanded 
configuration than the balloon catheter first selected. 

14. An apparatus for relieving the symptoms of pros- 35 
tatic hypertrophy, comprising: 

an axially elongate catheter shaft having a proximal 
and a distal end of a size suitable to be inserted in a 

an inflation port at the proximal end of said catheter 40 
shaft, in fluid communication with a radially ex- 
pandable balloon disposed near the distal end of 
said catheter shaft by means of a first lumen extend- 



a vent port at the proximal end of said catheter shaft AS 

in fluid communication with said expandable bal- 
loon by means of a second lumen extending axially 

through said catheter shaft; 
a removably mounted, radially outwardly expandable 

tubular supportive stent coaxially disposed about 50 

the expandable balloon, said stent being formed 

from a malleable material which is biologically 

compatible with a urethra and comprising an open- 
ing at each end and a central lumen therethrough; 
wherein said stent is radially deformable from a first 55 

unexpanded state to a second, expanded deformed 

state in response to pressure from said balloon and 

is capable of withstanding said expanded, deformed 

configuration against inward forces exerted from a 

hypertrophied prostate; and 60 
the outer diameter of the stent in its first, unexpanded 

state is not substantially greater than the outer 

diameter of the adjacent catheter shaft, the catheter 

shaft and stent mounted thereon thereby having a 

substantially uniform cylindrical profile such that 65 along its axial length, 
the apparatus may be transurethrally positioned 20. An apparatus as in claim 17, wherein said balloon 
within the prostatic urethra by way of the external in its expanded state has a smaller cross-sectional area at 
opening of the urethra with said stent substantially its axial ends than in the central region thereof. 



19. An apparatus as in claim 17, wherein said balloon 
expanded state has a non-circular cross section 
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21. An apparatus as in claim 17, wherein the ex- u - apparatus as in claim 17, wherein said balloon 

. , - •. . expands to a configuration having a non-circular cross 

panded cross-secttonal area of sajd stent is unresponsive ^ a convex profile ^ * g its ^ ]ength 

to the radial inward pressure responsible for the stenosis 25. An apparatus as in claim 17, further comprising a 

of the urethra. 5 biocompatible, essentially smooth coating on said stent. 

22. An apparatus asmclaimn, wherein said catheter ^L*™ * "* «*• 
further comprises a lumen for receiving a steerable 27. An apparatus as in claim 17, wherein said stent 
guidewire therethrough. further comprises a flexible, resilient region at each axial 

23. An apparatus as in claim 17, further comprising at 10 end t^"** 

. . , , . , 28. An apparatus as in claim 17, further comprising a 

least one radiopaque marker associated with the axial lubricant coating around said tubular stent, 

position of said balloon. * * * * * 
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